Pancreatic cancer is one of the most devastating and rapidly fatal cancers, yet little is known about the primary cause and prevention of this disease. We conducted a population-based case-control study to investigate the association between vegetables and fruits and pancreatic cancer. Between 1995 and 1999, 532 cases and 1,701 age-and sex-matched controls completed direct interviews using a semiquantitative foodfrequency questionnaire. No proxy interviews were conducted. We observed inverse associations between consumption of total and specific vegetables and fruits and the risk of pancreatic cancer. The odds ratio and 95% confidence interval for the highest versus the lowest quartile of total vegetable intake was 0.45 (0.32-0.62), trend P < 0.0001; and for total fruits and fruit juice was 0.72 (0.54-0.98), trend P = 0.06. Odds ratios and 
Introduction
Pancreatic cancer progresses rapidly and has an extremely high mortality rate. In the U.S., it has the fourth highest cancer fatality rate of all cancers (1) . In 2005, it is estimated that f32,180 pancreatic cancer patients will be diagnosed, with almost an equal number of deaths (1) . The 5-year survival rate is low at 4% (1) and is due primarily to late-stage at diagnosis and lack of effective treatment. Very little is known about the epidemiology of pancreatic cancer. Like many cancers, it is age-dependent, often with >90% of patients diagnosed at age 50 or older. The incidence rate is higher in men than in women. The most consistent risk factor for pancreatic cancer is cigarette smoking, that accounts for only f27% of new cases (2) . Thus, further understanding of risk factors that might help to prevent this lethal disease could have substantial public health impact.
Because of the swift fatality rate of this relatively uncommon cancer, studying dietary associations can be challenging in observational epidemiologic studies. Of five prospective studies that have examined fruit and vegetable intake and the risk of pancreatic cancer, one has reported inverse associations (3), whereas others observed inverse associations and confidence intervals (CI) that included unity (4, 5) , or no clear association (6, 7) . In contrast, at least 11 case-control studies have reported inverse associations for risk of pancreatic cancer and intake of total or specific fruits and vegetables (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Some case-control studies (19) (20) (21) (22) (23) and one cohort (24) also have reported inverse associations for nutrients commonly found in fruits and vegetables (e.g., vitamin C, carotenoids, vitamin E, other common antioxidants, fiber, folate) and risk of pancreatic cancer, whereas an additional study observed inverse trends for vitamin C and carotenoids but these could have been due to chance (25) .
Taken together, these studies suggest that vegetables and fruits may impart some protection against risk of incident pancreatic cancer. Several of the studies did not report values for individual vegetables or fruits, had small sample sizes, or used proxy interviews. Thus, to explore these relationships further in a contemporary population of men and women, we conducted a large case-control study of pancreatic cancer in the San Francisco Bay Area. We assessed the association between total and specific fruits and vegetables and the risk of pancreatic cancer among 532 cases and 1,701 age-and sexmatched controls, using data from direct interviews only (no proxy interviews).
Materials and Methods
Study Population. We conducted a population-based casecontrol study of pancreatic cancer in the San Francisco Bay Area. Details on study design and selection of the study population have been published previously (26) (27) (28) (29) (30) (31) . In brief, between 1995 and 1999, newly diagnosed patients with adenocarcinoma of the exocrine pancreas in the San Francisco Bay Area were identified through rapid case ascertainment by the Northern California Cancer Center. Eligible cases were 21 to 85 years old at diagnosis, residents of one of six counties of the San Francisco Bay Area, alive when contacts were attempted and could complete an interview in English. Out-ofarea cases were identified through clinical records at the University of California San Francisco with the same eligibility requirements except for residency. Among 797 eligible cases, 532 (288 men and 238 women) completed an interview. Diagnoses of pancreatic cancer were confirmed by participants' physicians and by Surveillance, Epidemiology, and End Results (SEER) abstracts that included histologic confirmation of disease. Control participants, frequency-matched to cases by age within 5-year categories and sex, were selected from the target population using random digit dial. Controls older than 65 years were supplemented by random selection from Health Care Finance Administration lists (now the Centers for Medicare and Medicaid Services). Cases within the six Bay Area counties were interviewed in person, and out-of-area cases and controls were interviewed by telephone. Among 2,525 eligible controls, 1,701 (883 men and 818 women) completed an interview and their data were included in the final analyses. The response rates for eligible participants were 67% for cases and 67% for controls.
Eligible cases and controls usually were interviewed in-person by trained interviewers using one main questionnaire and one supplementary food-frequency questionnaire within 4 months of diagnosis (median = 2.8 months). No proxy interviews were conducted in this study. The study was reviewed and approved by the university institutional review board and written informed consent was obtained from each participant prior to interview. Items in the main questionnaire included demographic factors, smoking history, alcohol consumption, medical history, occupational history, and questions about food preparation, cooking, and changes in eating habits. The study participants were asked about: whether their diet differed between 1 and 10 years prior to the interview; the reasons contributing to the diet changes; how they usually cooked their meats, fish, and vegetables; for vegetable consumption 1 year prior to the interview, what percentage were eaten raw, and what percentage were lightly steamed or still crisp after cooking; and whether they ate much more, much less, or about the same amount of total food as they had 10 years before.
We also used a validated semiquantitative food frequency questionnaire from Harvard University that contained 131 items of commonly eaten foods in the American diet. Participants were asked how often, on average, they consumed the total amount of individual food items, with portion sizes specified, during the year that occurred 1 year before the diagnosis for cases or interview for controls. Seasonal foods were averaged over the entire year. The frequencies of food intake were: never, <1/mo, 1 to 3/mo, 1/wk, 2 to 4/wk, 5 to 6/wk, 1/d, 2 to 3/d, 4 to 5/d, or 6+/d. Food frequency responses were computed as servings per day. Total consumption of vegetables and fruits and subgroups of these foods were computed by adding servings per day of individual food items.
We examined total vegetables as well as the following vegetable categories: dark leafy vegetables, yellow vegetables, light-green vegetables, cruciferous vegetables, tomatoes/tomato products, onions and garlic, beans, potatoes, and carrots. Dark leafy vegetables consisted of spinach, kale, mustard, and chard greens. Yellow vegetables included carrots, corn, yellow squash, yams, and sweet potatoes. Light-green vegetables included iceberg head lettuce, romaine and leafy lettuce, and celery. Cruciferous vegetables consisted of broccoli, cabbage and coleslaw, cauliflower, and Brussels sprouts. The tomatoes/tomato products group included raw tomatoes, tomato juice, tomato sauce, salsa, and picante/taco sauce. The bean group contained tofu/soybeans, peas and lima beans, beans and lentils, and string beans. Potatoes included French-fried potatoes, baked, boiled and mashed potatoes, and potato chips. Carrots included raw and cooked carrots.
We also examined the following fruit categories: citrus fruits, berries, apples and apple-related products, fruit juice, and total fruit consumed with and without fruit juice. Citrus fruits included orange, grapefruit, orange juice, and grapefruit juice. Strawberries and blueberries comprised the berry group. Fresh apples or pears, applesauce, and apple juice and cider were categorized in the apples and apple-related product group. Fruit juice included apple juice or cider, orange juice, grapefruit juice, and other fruit juice. Total fruit without fruit juice contained oranges, grapefruits, apples or pears, applesauce, strawberries, blueberries, raisins or grapes, prunes, bananas, cantaloupes, avocado, peaches, apricots, and plums. The data from 2,227 participants (526 cases and 1,701 controls) were included in the final analyses after the exclusion of six case participants whose dietary questionnaire had missing responses for >10 items.
Statistical Methods. We conducted m 2 tests to compare the proportions of cases and controls in different categories of consumption of vegetables and fruits. Odds ratios (OR) and 95% CI were computed from unconditional logistic regression models and used as an estimate of the relative risk (hereafter called risk) of developing pancreatic cancer by consumption groups. We examined consumption of total and specific vegetables and fruits in quartiles and in categories. Quartile cutoffs were based upon the distribution of intake among the controls with the lowest intake category used as the reference group. Results for men and women were similar, thus we combined analyses. We conducted linear tests for trend using Wald's test applied to index variables for the quartiles. Effect modification of the relationship between vegetable or fruit intake and risk of pancreatic cancer was assessed for energy intake in total calories, body mass index, cigarette smoking, physical activity, race, diabetes, and family history of pancreatic cancer. When no interaction effect was observed, the confounding effects of these factors were further investigated. Only total energy intake affected the association between vegetables and fruits and risk of pancreatic cancer. Therefore, the primary multivariate model was adjusted for total calories and the matching factors of sex and age at diagnosis for cases or interview for controls. All statistical tests were two-sided and considered statistically significant when P V 0.05. Statistical analyses were conducted using SAS software V8 (SAS Institute, Inc., Cary, NC).
Age at pancreatic cancer diagnosis for cases or interview for controls was categorized as <50, 50 to 59, 60 to 69, 70 to 79, and 80+ years. Total caloric intake was categorized into quartiles using the following cutoffs: <1,439, 1,439 to 1,810, 1,811 to 2,265, and >2,265 kcal per day. To investigate the potential effects of measurement error, we conducted additional analyses excluding participants with extremely low (<500 kcal/d) or high (>3,500 kcal/d) caloric intake. The results were essentially the same as the primary results and these participants were retained in the main analyses.
Body mass index was estimated from adult weight and height [weight (kg)/height (m) 2 ] as a measure of body size. Body mass index was examined in quartiles using the following cutoffs: <22.2, 22.2 to 24.2, 24.3 to 26.6, and >26.6 kg/m 2 . Smokers were defined as participants who had smoked >100 cigarettes in their lifetime, or a pipe or cigar for at least once a month for z6 months. We examined smoking using the following categories: never smokers, former cigarette smokers, and current cigarette smokers. We asked about the frequency of nonoccupational physical activity conducted for at least 30-minute intervals. Exercise frequency was grouped as <1/mo, 2 to 4/mo, 2 to 3/wk, or at least 1/d. Participants self-reported their race selecting from the following categories: White, Black/African-American, Asian/Pacific Islander, or Other.
Results
Sociodemographic characteristics of case and control participants are provided in Table 1 . Vegetables were inversely associated with the risk of pancreatic cancer (Table 2) . Compared with the lowest quartile of intake of total vegetables, the OR for the highest quartile was 0.45 (95% CI, 0.32-0.62), trend P < 0.0001. Similar inverse associations were observed after excluding potatoes from analyses.
Individual vegetables also were inversely associated with the risk of pancreatic cancer (Table 2) . Compared with the lowest quartile of intake, the OR for the highest quartile was 0.63 (95% CI, 0.47-0.83) for dark leafy vegetables, 0.76 (95% CI, 0.56-1.0) for cruciferous vegetables, 0.59 (95% CI, 0.43-0.81) for yellow vegetables, 0.56 (95% CI, 0.41-0.76) for carrots, 0.51 (95% CI, 0.38-0.70) for beans, and 0.46 (95% CI, 0.33-0.63) for onions and garlic. Light-green vegetables (trend P = 0.03) and tomatoes/tomato products (trend P = 0.06) were inversely associated with the risk of pancreatic cancer but most of their CIs overlapped unity. Potatoes were the only vegetable positively associated with pancreatic cancer risk, although the relationship could have been due to chance. When we examined this association further, it seemed that French-fried potatoes and potato chips specifically were associated with an increased risk, suggesting that cooking methods, fat content, or other components of these foods may underlie the positive association (data not shown).
There was a suggestion that consuming raw vegetables reduced the risk of pancreatic cancer more than eating cooked vegetables. OR comparing more than or equal to two servings per week versus less than or equal to three servings per month was 0.50 (95% CI, 0.29-0.86) for raw spinach versus 0.92 (95% CI, 0.59-1.4) for cooked spinach. ORs were 0.62 (95% CI, 0.49-0.79) for consumption of raw carrots and 0.86 (95% CI, 0.65-1.1) for cooked carrots (data not shown in tables).
Decreased risks were observed with an increasing amount of total fruits and fruit juice intake and the OR for the highest quartile of intake was 0.72 (95% CI, 0.54-0.98), trend P = 0.06 (Table 3) . Compared with the lowest quartile of intake of citrus fruits and juice, the OR for the highest quartile was 0.78 (95% CI, 0.58-1.0).
In Table 4 , we report on categories of intake of fruits and vegetables and pancreatic cancer risk. Compared with participants who ate less than three servings of vegetables per day, participants eating more than five servings had a reduced risk of pancreatic cancer (OR, 0.47; 95% CI, 0.35-0.62; trend P < 0.0001). Eating more than four servings of fruits per day compared with less than two servings per day reduced the risk of pancreatic cancer by f25%. Consuming more than nine servings per day of vegetables and fruits combined also was inversely associated with risk (OR, 0.49; 95% CI, 0.36-0.68) when compared with less than five servings per day (trend P < 0.0001).
Regarding eating habits, more cases than controls reported use of animal fat in preparing their vegetables 1 year before diagnosis for cases or interview for controls (P = 0.01). There were more cases than controls who had maintained their same dietary habits from 10 years ago (35% versus 28%, P = 0.03), and more controls had changed their dietary habits towards a more healthy diet that included more raw vegetables (P < 0.01) and fruits (P < 0.01).
Discussion
In this large case-control study, vegetable consumption was inversely associated with risk of developing pancreatic cancer. The risk of pancreatic cancer for people consuming more than five servings per day of vegetables was half that of low consumers. Specifically, dark leafy vegetables, cruciferous vegetables, yellow vegetables, beans, onions and garlic, and carrots were associated with a reduced risk of pancreatic cancer. Some raw vegetables also seemed to be more strongly inversely associated with risk than their cooked counterparts. Total fruits and juice intake also were associated with a reduced risk of pancreatic cancer. Our results indicated that controls were more likely to have changed their dietary habits during the 10 years prior to interview, and in particular that they started consuming more raw or lightly cooked vegetables and fruits. In contrast, cases tended to make fewer changes in their vegetable and fruit consumption patterns. Several case-control studies and at least one cohort study have observed inverse associations for total or specific vegetable and fruit intake and the risk of pancreatic cancer, even though these reports have had different study designs. Some did not have total energy adjustment, whereas others had smaller sample sizes (n for cases <150) or used proxy interviews (3, 4, 7, 9-11, 14, 16, 17, 20, 22) . Our results were consistent with those of several previous case-control studies (8-12, 14-16, 18 ) and one cohort (3) that observed inverse associations for total and specific vegetables and pancreatic cancer risk. Similar to our results, at least 11 case-control studies (8-11, 13-18, 20) and one cohort study (3) have observed reduced risks of pancreatic cancer associated with total or specific fruit consumption. At least one study observed protective effects only among men (18) . However, other cohort studies (4-7) and one case-control study (12) observed no statistically significant association between fruits and pancreatic cancer risk, although nearly all had risk estimates below unity.
We observed the strongest inverse associations for onions and garlic, beans, carrots, yellow vegetables, dark leafy vegetables, and cruciferous vegetables. Nutrients underlying these associations that previously have been inversely associated with pancreatic cancer risk include fiber (9, 15, 16, 20, 22) , folate (5, 9, 24) , and antioxidants (e.g., carotenoids, vitamin E, and vitamin C; refs. 9, 10, 15, 22). Nutrients commonly found in fruits and vegetables have been inversely associated with several other cancers including pancreatic cancer (32) . Potential mechanisms of action include antioxidant protection against free-radical damage to DNA and polyunsaturated fats (e.g., vitamin C, carotenoids, tocopherols, and selenium), apoptosis (e.g., indole-3 carbinol in cruciferous vegetables), enhancing immune function (e.g., carotenoids, vitamin C, and vitamin E), modulating hormonal pathways linked to cancer, such as sex hormones (e.g., soy and lignans) or insulin-like growth factor (e.g., lycopene), inhibiting cellular proliferation (e.g., carotenoids), and ensuring proper DNA methylation and gene expression (e.g., folate; refs. 18, 23, 32, 33) .
In a nested case-control study within the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study, men in the highest versus the lowest tertile of serum folate had approximately half the risk of pancreatic cancer (24) . Additionally, in a large case-control study of 802 cases of pancreatic cancer and 1,669 controls, dietary fiber, h-carotene, and vitamin C consumption were all strongly associated with an f60% to 65% lower risk of pancreatic cancer (22) .
A Canadian dietary study of intake of the carotenoid lycopene was related to a 31% reduced risk of pancreatic cancer in men after adjustment for other nutrients and lifestyle factors (23) . This effect was strongest among men and there was no statistically significant association for any major carotenoid and pancreatic cancer risk among women (23) . Other carotenoids were not associated with pancreatic cancer risk overall, although there was a statistically significant interaction between carotenoid consumption and smoking history and risk of pancreatic cancer. h-Carotene and total carotenoids were inversely associated with risk among never smokers (OR, 0.57 and 0.58, respectively; P = 0.02 for each), but not among past or current smokers.
The stronger association in our study for raw spinach and raw carrots versus their cooked counterparts is consistent with a report on food preparation methods and pancreatic cancer (34) . Raw food consumption was statistically significantly inversely associated with a 70% decreased risk of pancreatic cancer in this study that included 179 cases and 239 controls. A recent review on raw versus cooked vegetables and cancer that included >30 case-control and cohort studies published in the past 10 years concluded that raw vegetables more often were inversely associated with risk of various cancers when compared with cooked vegetables (35) . Raw vegetables may impart more benefit than cooked vegetables due to their potential increased nutrient content, lower glycemic index, higher level of enzymes important for phytochemical production, and increased insoluble fiber content. However, it also was noted that cooking vegetables kills harmful microbes, increases bioavailability of certain carotenoids, and often improves digestibility.
The strengths of the current study include its large sample size (532 cases and 1,701 controls). We could identify only two 2096 previous studies in the literature that included a greater number of cases (6, 22) . We also conducted direct interviews with participants, included detailed information on other lifestyle factors, and data on food preparation and changes in dietary habits. In this study, we used no proxy interviews and had a comprehensive validated semiquantitative foodfrequency questionnaire that minimized potential effects of measurement error.
This study also had limitations that should be considered. Due to the high mortality rate of the disease, many (n = 742) of the patients with pancreatic cancer died before they could be contacted and no dietary information was available on these fatal cases. As in most case-control studies, there is potential for recall bias. At the same time, most cohort studies that have examined pancreatic cancer risk and diet have been limited by the small number of cases observed (3-5, 7) or lack of detailed dietary assessment (6) . Our results were somewhat consistent with those of a few prospective studies that have observed inverse associations for folic acid, a nutrient often found in dark green leafy vegetables (5, 24) , or that had suggestive inverse associations for vegetables, fruits, h-carotene, and vitamin C (4). The observation that controls rather than cases were more likely to have changed their diets in the previous decade argues against the likelihood that the observed associations were due entirely to recall bias among the cases, as control participants reported having changed their diets towards more healthy choices over time.
Conclusion
We observed strong inverse associations for pancreatic cancer risk and intake of vegetables and fruits. These results indicate that consuming a diet high in vegetables and fruits, already recommended for the prevention of several other chronic diseases, might also help prevent the occurrence of this highly fatal cancer.
